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Abstract:Molecules that contain one or more unpaired electrons delocalized within a π-conjugated backbone are
promising candidates for applications in spin electronics or simply ‘spintronics’. Our group develops functional
organic materials based on π-conjugated hydrocarbon molecules, where the electrons are unpaired either in the
ground state or in the excited state that is low in energy and can be populated thermally. We aim to learn how to
introduce and control a multitude of properties, namely, optical, chiroptical, magnetic, and conductive, in a bulk
material made of these molecules, by manipulating spin interactions between the unpaired electrons. The first
model system that was developed in our group is a hydrocarbon named cethrene, which has a diradicaloid singlet
ground state and a low-lying triplet excited state. In this article, the structural parameters and their impact on the
properties and reactivity of cethrene are discussed within the realm of the three C’s that symbolize cethrene’s
C-shape, chirality, and chameleonic reactivity.
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Introduction
Organic molecules that contain one or
more unpaired electrons and have a non-
zero spin can serve as building blocks for
the design of non-metal-based magnetic
materials.
[1]
In addition to cases where
unpaired electrons in a molecule reside
each on one atom only, molecules where
unpaired electrons occupy multiple posi-
tions simultaneously are possible.
[2]
Such
molecules can be achieved by integrating
unpaired electrons into a π-conjugated
system, where all feasible resonance forms
account for the distribution, or delocaliza-
tion, of these electrons and thereby the
spin. In spin-delocalized molecules, the
spins of unpaired electrons ‘communi-
cate’ via the π-conjugated backbone and
structural design allows not only to con-
trol the spin interactions between unpaired
electrons,
[3]
but also to generate different
spin states and to control the energy gap
between these states.
[4]
Another feature of
spin-delocalized systems is their ability to
form n-electron multicenter bonds, or so-
called pancake bonds,
[5]
which are formed
not between one but multiple pairs of at-
oms of the face-to-face oriented spin-delo-
calized systems. This bonding interaction
is an attractive force that acts against elec-
tron repulsion between the π-systems
[5a]
and decreases the distance
[6]
between the
facially oriented units when compared to
a regular π–π stacking distance of ~3.4
Å. A bulk material assembled from mol-
ecules with delocalized spin densities via
pancake-bond formation can display a
range of properties, including magnetism
and conductivity,
[7]
as well as bistability
in response to external stimuli that allows
to switch between two states, in which
these properties differ substantially, for
example, one state being IR transparent,
paramagnetic, and insulating and the other
one being IR absorbing, diamagnetic, and
conducting.
[7c]
The simplest case of a spin-delocal-
ized hydrocarbon system is an allyl radi-
cal (Fig. 1, left panel, black), in which one
unpaired electron is delocalized between
two positions (1 and 3), the terminal car-
bon atoms. Attachment of an additional
sp
2
-carbon atom gives either trimethyl-
enemethane (TMM; red) or 1,3-butadiene
(BD; blue), both C
4
H
6
isomers, depending
on whether this carbon atom is attached
at the 2- (TMM) or 1-position (BD) of
the allyl radical.
[8]
The mode of connec-
tion is a game changer: while TMM has
a non-Kekulé diradical structure contain-
ing two unpaired electrons and one double
bond, BD has a Kekulé structure with two
conjugated double bonds and no unpaired
electrons. This simple exercise nicely illus-
trates the effect that the ‘topology’ of an
sp
2
-carbon-atom backbone has on the elec-
tronic structure, which can be open-shell
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diradical systems such as square cyclobu-
tadiene.
[11]
Here, the non-bonding orbitals
are disjoint, that is, they do not have atoms
in common, and to a first approximation
the lowest singlet and triplet states have
the same energy. Because of dynamic spin
polarization that selectively stabilizes non-
uniform distribution of electron spin in the
non-bonding orbitals, however, diradical
molecules with n
s
= n
u
typically have a sin-
glet ground state.
[11a]
The BD and TMM units can be used
to construct even larger systems. Fig. 2
shows three out of five possible isomers
[4]
with a molecular formula C
28
H
16
com-
posed of seven fused six-membered rings.
In the case of [7]zethrene and cethrene,
seven BD units can be used to assemble
the π-conjugated core of both compounds,
while in the case of [7]uthrene, one BD
unit needs to be replaced by a TMM unit.
As a result, all electrons are paired in
[7]zethrene and cethrene to give a system
with14conjugateddoublebonds. In [7]uth-
rene, two electrons remain unpaired and in
resonancewith13conjugateddoublebonds.
Also in this case, the star rule can be ap-
plied, leading to n
s
= n
u
= 14 for [7]zethrene
and cethrene and n
s
= 15 and n
u
= 13 for
[7]uthrene. The outcome is a Kekulé
system with a singlet ground state in the
former cases and a non-Kekulé diradical
systemwith a triplet ground state in the lat-
ter case. Out of five possible isomers, only
[7]zethrene and [7]uthrenewereknown
[3,12]
prior to 2016, when we reported
[13]
the
synthesis and properties of the first deriva-
tive of cethrene. In this account, the struc-
ture–property relationship in cethrene is
discussed within three sections where the
letter ‘C’ symbolizes cethrene’s C-shape,
chirality, and chameleonic reactivity.
‘C’ for C-Shape
The names of the homologs of the iso-
meric series C
28
H
16
are derived
[3,13,14]
from
their molecular shape (Fig. 3): the Z-shape
of [7]zethrene (dibenzo[de,op]pentacene),
the U-shape of [7]uthrene (dibenzo[de,jk]
pentacene), and the C-shape of cethrene
(dibenzo[pq,uv]pentaphene). The number
in the square brackets denotes the number
of fused six-membered rings. In cethrene,
this number is omitted as cethrene is the
first homolog of the cethrene series fea-
turing an [n]helicene subunit (in the case
of parent cethrene, n = 5). The first ho-
mologs of the zethrene and uthrene series
featuring an [n]acene subunit are zethrene
and uthrene (n = 4; total number of rings
= 6), respectively. In this respect, [6]ce-
threne would have an identical structure as
[6]uthrene, therefore, [7]cethrene is the
parent molecule. These isomers can also
be obtained by fusing two phenalenyl units
result, each molecule can be represented
by at least one Kekulé resonance structure
in which all electrons are paired in form of
conjugated double bonds. Even-alternant
hydrocarbons can, however, also posses
non-Kekulé diradical structures such as,
for example, square cyclobutadiene (n
s
=
n
u
= 2) or tetramethyleneethane (n
s
= n
u
=
3).
[9b]
Odd-alternant hydrocarbons, such as
allyl radical, TMM, and mQDM, have also
equal numbers of fully occupied bonding
and empty antibonding orbitals, but also a
set of non-bonding orbitals, the number of
which equals to n
s
– n
u
. Each non-bonding
orbital is occupied byoneunpaired electron
and the number n
s
– n
u
is thus also equal to
the number of unpaired electrons. In the
case of these molecules, Kekulé resonance
structures with all electrons paired cannot
be drawn and only non-Kekulé resonance
structures are possible (the positions of
stars denote the positions where unpaired
electrons can reside). In addition, the ‘star’
rule can be used to predict the ground state
of a π-conjugated hydrocarbon.
[9a]
When
n
s
> n
u
, the ground state is of highest pos-
sible multiplicity (e.g., TMM has a triplet
diradical ground state
[10]
) on account of the
non-disjoint character of the non-bonding
orbitals that have atoms in common.
[9b]
When n
s
= n
u
, the ground state is typically
singlet (BD, pQDM, oQDM), even for
(TMM) or closed-shell (BD). Combining
two TMM, two BD, or one TMM and one
BD units together such that a six-mem-
bered ring with twomethylene substituents
is formed (Fig. 1, middle panel) leads to a
series of para- (pQDM), meta- (mQDM),
and ortho- (oQDM) quinodimethanes (Fig.
1, right panel), also known as xylylenes.
In this case, the combination of two units
of the same kind gives Kekulé quinoidal
structures (either pQDM or oQDM), while
only the combination of one TMM and
one BD unit gives a non-Kekulé diradical
structure (mQDM) with one Clar’s sextet.
The allyl radical, TMM, BD, pQDM,
mQDM, and oQDM belong to the cat-
egory of alternant hydrocarbons.
[3,8,9]
A
π-conjugated hydrocarbon is alternant
when stars (asterisks) can be placed on
alternate sp
2
-carbon atoms with no stars
being adjacent. When there is an unequal
number of starred (n
s
) and unstarred (n
u
)
atoms, the stars are placed such that n
s
>
n
u
.Alternant hydrocarbons are classified as
even- and odd-alternant, where in the for-
mer case n
s
= n
u
(BD, pQDM, and oQDM)
and in the latter case n
s
> n
u
(allyl radical,
TMM, and mQDM). Even-alternant BD,
pQDM, and oQDM have equal numbers
of fully occupied bonding and empty an-
tibonding orbitals, symmetrically distrib-
uted, and no non-bonding orbitals. As a
Fig. 1. (Left panel) The formation of trimethylenemethane (TMM; red) and 1,3-butadiene (BD;
blue) from allyl radical (black) by introduction of one additional sp
2
-carbon atom at the 2- (TMM)
or 1-position (BD). (Middle panel) Possible ways to combine two TMM, two BD, or one TMM and
one BD units to form (right panel) para- (pQDM), meta- (mQDM), and ortho- (oQDM) quinodi-
methanes. BD, pQDM, and oQDM have Kekulé structures with all π-electrons paired. TMM and
mQDM have non-Kekulé structures with two unpaired π-electrons. All molecules are alternant
hydrocarbons, that is, stars (asterisks) can be placed on alternating carbon atoms with no two
stars adjacent. The difference between the number of starred (n
s
; first number) and unstarred (n
u
;
second number) carbon atoms equals to the number of unpaired electrons. If n
s
= n
u
, the system
is even-alternant. If n
s
≠ n
u
, the system is odd-alternant and then the atoms are starred such that
n
s
> n
u
; this way, the stars denote all the possible positions of the unpaired electron(s).
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ST gap, thermal equilibrium leads to the
population of the triplet state according to
the Boltzmann distribution, and an electron
paramagnetic resonance (EPR) spectrum
of the species in the triplet excited state can
be recorded.
[2b,4]
Considering the sensitiv-
ity of the EPR instrument and a concentra-
tion of the sample (typically in the range of
10
–4
to 10
–5
M), an ST gap of roughly less
than 8 kcal mol
–1
is needed. If an EPR sig-
nal is observed, variable-temperature EPR
measurements can be performed (the inten-
sity of the signal decreases with decreasing
temperature) and the data can be fitted by
using the Bleaney–Bowers equation
[15]
to
obtain an experimental value of the ST
gap. Another consequence of the low ST
gap is that broadening of the signals in the
1
H NMR spectrum can be observed. This
broadening is also temperature-dependent
and increases with increasing temperature,
that is, increasing population of the triplet
state.
[7b,12a]
The very small HOMO–LUMO gap
in quinoidal Kekulé systems needs to be
considered for a correct description of
their ground states (blue square in Fig. 4;
a = HOMO, b = LUMO), which requires
an admixture of a doubly excited configu-
ration (a
0
b
2
) into a ground configuration
(a
2
b
0
) or, loosely speaking, part of the
electrons from the HOMO are placed into
the LUMO to minimize electron repulsion.
[2b,d,16]
Because the bond order is decreased
and both the HOMO and the LUMO are
occupied by fewer than two electrons each,
the singlet ground state can be described
as ‘diradicaloid’.
[16b]
It is important to note
that the term diradicaloid does not infer the
presence of unpaired electrons, as can be
easily mistaken, but the fact that the fron-
to a central benzene ring. Depending on
the fusion mode, either a Kekulé (para-/
para-fusion in [7]zethrene and para-/
ortho-fusion in cethrene) or a non-Kekulé
(meta-/meta-fusion in [7]uthrene) system
is obtained (Fig. 3, top panel). The Kekulé
systems possess a quinoidal structure fea-
turing a pQDM subunit (in blue) and two
Clar’s sextets (gray-filled rings). The non-
Kekulé system has a diradical structure
featuring a mQDM subunit (in red) and
three Clar’s sextets (gray- and red-filled
rings). A diradical resonance structure can
also be drawn for the Kekulé systems. In
such a case, an additional Clar’s sextet
(red-filled ring) is obtained.
Kekulé systems such as [7]zethrene and
cethrene, where the quinoidal pQDM sub-
unit disrupts the aromaticity of three out
of seven rings and the diradical resonance
structure displays an additional Clar’s sex-
tet, typically have a small energy gap (i)
between the highest occupied (HOMO)
and the lowest unoccupied (LUMO) mo-
lecular orbitals and (ii) between the singlet
ground state and the first excited triplet
state (Fig. 4).
[4]
On account of the small
HOMO–LUMO gap, these molecules
typically absorb light (S
0
–S
1
transition)
in the visible region (λ
max
([7]zethrene) =
586 nm,
[3]
λ
max
(cethrene) = 665 nm
[13b]
).
For a comparison, coronone that is com-
posed of seven fused rings and does not
have a quinoidal structure displays a much
larger HOMO–LUMO gap and absorbs
light mostly in the UV region. As a re-
sult of the small singlet–triplet (ST) gap,
the triplet excited state can sometimes be
populated thermally, which gives rise to
magnetic properties of these Kekulé sys-
tems. Depending on the magnitude of the
Fig. 2. (Top) Assembling the structure of [7]zethrene (left panel) and cethrene (right panel) from
seven BD units (blue) and the structure of [7]uthrene (middle panel) from six BD (blue) and one
TMM (red) units. (Bottom) For [7]zethrene and cethrene, n
s
– n
u
= 14 – 14 = 0, which leads to
even-alternant Kekulé structures with all π-electrons paired. For [7]uthrene, n
s
– n
u
= 15 – 13 = 2,
which leads to an odd-alternant non-Kekulé structure with two unpaired π-electrons. See caption
to Fig. 1 for the definition of n
s
and n
u
.
Fig. 3. (Top panel) Two examples of how two
phenalenyl units (three rings) can be fused to a
central benzene ring. In the case of Z-shaped
[7]zethrene (second from top panel) and
C-shaped cethrene (bottom panel), the quin-
oidal resonance structures shown on the left
(pQDM subunit is highlighted in blue) display
two Clar’s sextets (gray-filled rings), while the
diradical resonance structures (pQDM sub-
unit is highlighted in red) shown on the right
display one additional Clar’s sextet (red-filled
ring). Molecules with these structural features
typically display small HOMO–LUMO and
singlet–triplet (ST) energy gaps (see Fig. 4). In
the case of U-shaped [7]uthrene (second from
bottom panel; mQDM subunit is highlighted in
red), only diradical resonance structures with
a maximum number of Clar’s sextets equal to
three are possible.
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fects in the CD spectra. Kinetic measure-
ments were performed to determine the
energy barrier of enantiomerization at 298
K (~25 kcal mol
–1
), which matched that
of parent [5]helicene (~24 kcal mol
–1
).
[13b]
Note: in the original work, a diphenyl de-
rivative of cethrene was studied.
Fig. 5 shows the HOMO and the
LUMO of [7]zethrene and cethrene ob-
tained from the Hückel molecular orbital
(HMO) analysis. In both cases, the shape
of the HOMO nicely reflects the pQDM
subunit, which indicates that both diradi-
caloid molecules are best represented by
the quinoidal resonance structures (Fig.
3, left). These are in good agreement with
both the bond lengths and NICS profiles
that were obtained from DFT.
[13b]
The di-
radical resonance structures (Fig. 3, right)
best represent the excited state of these
molecules. In contrast to planar [7]ze-
threne, however, an antibonding (ab) and
a bonding (b) interaction arise in cethrene
within the HOMO and the LUMO, respec-
tively, because of the helical twist (Fig. 5,
bottom panel). The antibonding interaction
increases the energy of the HOMO and the
bonding interaction decreases the energy of
the LUMO. As a result, cethrene displays
a smaller HOMO–LUMO gap, when com-
pared to [7]zethrene. This feature can be
observed experimentally by comparison of
the absorption spectra of both compounds,
where absorption maximum of cethrene
(665 nm
[13b]
) is shifted significantly to the
red when compared to that (586 nm
[3]
) of
[7]zethrene.
The through-space orbital interac-
tions also affect the ST gap, and while
[7]zethrene is EPR silent,
[12a]
a signal of
the thermally populated triplet state was
observed
[13b]
in the EPR spectrum of ce-
threne at room temperature. Variable-
temperature experiments described above
allowed determination of the ST gap (~5.6
kcal mol
–1
), which is in an excellent agree-
ment with DFT (5.9 kcal mol
–1
). Compared
to [7]zethrene (ST gap of 8.9 kcal mol
–1
by DFT
[13b]
), the ST gap of cethrene is
markedly lower. The decrease of the ST
gap can be attributed to the through-space
orbital interactions in cethrene and ratio-
nalized as follows: in the singlet ground
state, the electrons occupy mainly the
HOMO (occupation numbers obtained by
CASSCF(12,12) are 1.85 for HOMO and
0.15 for LUMO), while in the triplet state,
the HOMO and the LUMO are occupied
by one electron each. The singlet ground
state therefore suffers more from the an-
tibonding interaction in the HOMO than
the triplet state and its energy is increased
relative to the triplet state. Consequently,
the ST gap is decreased. This rational was
further supported by computing
[13b]
the ST
gap in a hypothetical planar cethrene (8.0
kcal mol
–1
by DFT), which is similar to
and ST gaps, when compared to those of
single diradicaloid monomer.
‘C’ for Chirality
Our interest in synthesizing and study-
ing cethrene was inspired by the work of
Kubo et al., who demonstrated
[7b]
that
intermolecular through-space interac-
tions can affect the spin coupling between
unpaired electrons. In contrast to planar
[7]zethrene and [7]uthrene, which possess
a pentacene subunit (Fig. 5, top panel, red-
filled rings), the structure of cethrene fea-
tures a [5]helicene subunit (Fig. 5, bottom
panel, blue-filled rings). Because of steric
interactions between the hydrogen atoms
in the fjord region, cethrene is not planar.
Instead, it adopts a helically twisted geom-
etry with a C
2
symmetry and displays axial
chirality.
[17]
In this system, the electrons
can ‘communicate’ simultaneously via the
backbone and through space within a mol-
ecule. Thus, we were intrigued to find out
how the through-space interactions would
affect the HOMO–LUMO and ST gaps of
cethrene when compared to the planar iso-
mer [7]zethrene, which also has a singlet
diradicaloid ground state and a low-lying
triplet excited state. On account of the heli-
cal geometry, cethrene exists in the form of
two enantiomers. To demonstrate that ce-
threne is chiral, we successfully separated
the enantiomers of its dihydro-precursor,
which displayed mirror-image Cotton ef-
tier molecular orbitals are not fully oc-
cupied although the electrons are paired.
The diradicaloid character of molecules
represents a challenge for computational
methods.
[2b]
For example, DFT is a single-
reference method and the ground state of
a diradicaloid molecule can be either opti-
mized by using a spin-restricted wavefunc-
tion (electrons are only in the HOMO) or
a spin-unrestricted broken-symmetry
wavefunction. Because none of these ap-
proaches is ideal, it is important to com-
pare the results of the twowith experiment.
Multi-reference methods such as CASPT2
are better suited, however, they are signifi-
cantly more time-consuming, in particular
for systems as large as [7]zethrene and
cethrene. These methods can also pro-
vide information on the occupancy of the
HOMO and the LUMO. In addition, the
partial occupancy of the frontier molecu-
lar orbitals endows diradicaloid molecules
with the ability to form pancake bonds. For
example, Kubo et al. demonstrated
[7b]
that
a diradicaloid system composed of two
phenalenyl units forms in the solid state an
infinite stack, where each phenanenyl sub-
unit forms a pancake bond with a phenal-
enyl subunit of the neighboring molecule.
In this unique pancake-bonded system, the
unpaired electrons of the phenalenyl sub-
units interact intramolecularly through the
backbone of the molecule and, at the same
time, intermolecularly through space be-
tween the molecules. As a result, the bulk
material displayed lower HOMO–LUMO
Fig. 4. Quinoidal molecules
pQDM, oQDM, [7]zethrene,
and cethrene display small
HOMO–LUMO energy gaps
(a = HOMO, b = LUMO). The
correct description of their
ground states (blue square)
therefore requires an admix-
ture of a doubly excited con-
figuration (a
0
b
2
) into a ground
configuration (a
2
b
0
) or, loosely
speaking, part of the electrons
from the HOMO are placed
into the LUMO to minimize
electron repulsion. Because
the bond order is decreased
and both the HOMO and the
LUMO are occupied by less
than two electrons each, the
singlet ground state can be
described as diradicaloid. A
common feature of diradica-
loid compounds is that the
triplet excited state (a
1
b
1
;
red square) is relatively low
in energy, which can make
it thermally accessible. The
thermal equilibrium between
the diradicaloid singlet ground
state (blue) and the triplet ex-
cited state (red) is shown for
pQDM.
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that of planar [7]zethrene, where through-
space orbital interactions are not possible.
The antibonding and bonding orbital in-
teractions also become obvious when one
looks at the distance between the carbon
atoms in the fjord region of cethrene (ge-
ometries optimized by DFT), which is
larger in the singlet ground state (3.03 Å)
than in the triplet excited state (2.93 Å).
These findings illustrate that introduction
of intramolecular through-space orbital
interactions is a useful tool to modulate
the HOMO–LUMO and ST gaps in diradi-
caloid systems. In helical systems such as
cethrene, fine-tuning of these gaps can be
further achieved by controlling the fjord
carbon–carbon distance through steric ef-
fects, for example, by installment of suit-
able substituents at these positions.
‘C’ for Chameleon
During our investigations of the prop-
erties of a diphenyl derivative of cethrene,
we noticed that this compound is not stable
and that it undergoes a transformation to a
planar hydrocarbon within just a few hours
at room temperature.
[13b]
We hypothesized
that the first step of this transformation is
an electrocyclic ring-closure leading to a
closed-form of cethrene (Scheme 1, bot-
tom panel, upper scheme, R = Ph), an in-
termediate that is subsequently oxidized
by traces of oxygen or an excess of oxi-
dant p-chloranil to give the final flat prod-
uct. Because of steric constrains imposed
by the helical geometry of cethrene, the
conrotatory ring-closure is favored over
a disrotatory process. According to the
Woodward–Hoffmann rules,
[18]
however,
the thermal conrotatory process should
be symmetry-forbidden on account of the
antibonding interaction in the HOMO (see
Fig. 5), which is an analogous case to the
electrocyclic ring-closure of 1,6-dimethyl-
1,3,5-hexatriene (Scheme 1, top panel).
This mismatch caught our interest and we
investigated this process in more detail.
[19]
Kinetic studies were performed
[19]
in
order to determine the activation barrier of
the thermal process, which was found to
be ~14 kcal mol
–1
. This value is similar to
that (~16 kcal mol
–1
) obtained
[20a]
by Kubo
et al. for an analogous biphenalenylidene
system
[20]
(Scheme 1, bottom panel, low-
er scheme). Both activation barriers are
surprisingly low, considering the forbid-
den nature of the processes. What is even
more surprising is that these barriers are
lower than barriers of many electroyclic
processes that are thermally allowed. The
reason for the ease of the thermal conrota-
tory process is the diradicaloid character
of cethrene. Since both the HOMO and
the LUMO are partially occupied in the
ground state, the activation barrier is de-
creased and the electrocyclic ring-closure
of cethrene is ‘allowed’ both thermally
and photochemically in a conrotatory
mode. This chameleonic character is dif-
ferent from other pericyclic reactions that
proceed either thermally or photochemi-
cally in a given rotatory mode and places
cethrene among a rare type of molecules,
such as biphenalenylidene
[20]
and the first
exampleof this kind, pleiadene, reportedby
Michl et al.
[21]
Our calculations showed
[19]
that the thermally allowed disrotatory
ring-closure of cethrene is thermoneutral
or slightly endothermic and its activation
barrier is higher by ~4 kcal mol
–1
than that
of the exothermic C
2
-symmetric conrota-
tory process (~23 kcal mol
–1
). A variety
of DFT and wavefunction-based meth-
ods gave comparable results, however, all
methods failed to match the experimental
value (~14 kcal mol
–1
). Diradicaloid sys-
tems such as cethrene, biphenalenylidene,
and pleiadene therefore represent a test for
theoretical methods to find the most favor-
able reaction pathways.
‘C’oncluding Remarks
The conrotatory electrocyclic ring-clo-
sure of cethrene was shown
[19]
to proceed
also photochemically upon irradiation
at 660 nm (Scheme 1, bottom panel, up-
per scheme, R = Ph), in accord with the
orbital-symmetry considerations,
[18]
where
the symmetry of the LUMO governs the
photochemical process. Interestingly, the
photochemical ring-closure of analogous
biphenalenylidene did not proceed upon
irradiation at 700 nm in the solvent matrix.
This process could, however, be reversed
upon irradiation at 365 nm as shown
[20a]
by Kubo et al. (Scheme 1, bottom panel,
lower scheme). These and our results in-
dicate that this type of helical diradicaloid
molecules could serve as switches oper-
ated solely by light, where the open and
the closed form differ substiantially in their
optical (HOMO–LUMO gap), magnetic
(ST gap), and chiroptical (degree of twist)
properties. These molecules therefore hold
potential as molecular building blocks of
non-metallic materials, where bulk mag-
netic and conducting properties, archetyp-
al for metals, can be turned on and off by
light. Finally, the helical geometry of the
molecular building blocks endows them
with a potential to be employed as com-
ponents of enantiomerically pure forms of
these materials, which could serve as novel
model systems for investigation of effects
that arise from the interplay of magnetism
and chirality.
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Scheme 1. (Top panel)
In accordance with the
Woodward–Hoffmann rules,
the electrocyclic ring-closure
of 1,6-dimethyl-1,3,5-hexatri-
ene proceeds photochemical-
ly in a conrotatory mode (red
arrows; governed by the sym-
metry of the LUMO) to give
the trans-product and ther-
mally in a disrotatory mode
(blue arrows; governed by the
symmetry of the HOMO) to
give the cis-product. (Bottom
panel) The electrocyclic ring-
closure of cethrene (up) has
a chameleonic nature as it
proceeds in a conrotatory
mode both thermally and
photochemically. The formally
‘forbidden’ thermal process is
‘allowed’ because the LUMO
is partially occupied in the
ground state on account of
the diradicaloid character of
cethrene. Analogous diradica-
loid system biphenalenylidene
(down) was also shown to
undergo the thermal conrota-
tory electrocyclic ring-closure
with an activation barrier (~16
kcal mol
–1
) similar to that of
cethrene (~14 kcal mol
–1
).
Although the photochemical
process is allowed also in
this case, it did not proceed
upon irradiation by light in the
solvent matrix. The reversed
electroyclic ring-opening
process occurred upon ir-
radiation.
